INTRODUCTION

Mono-and d i g l y c e r i d e s a r e n a t u r a l c o n s t i t u e n t s o f o i l s and f a t s . They a r e a l s o added a s e m u l s i f i e r s t o o i l s and f a t s and used a s food a d d i t i v e s . According t o IUPAC method 2.321 ( l ) , mono-, d i -and t r i g l y c e r i d e s a r e s e p a r a t e d by s i l i c a g e l colunn chromatography u s i n g s o l v e n t s o f d i f f e r e n t p o l a r i t y . 1-monoglycerides can be determined by o x i d a t i o n with p e r i o d i c a c i d s o l u t i o n applying IUPAC method 2.322 ( 1 ) . In o r d e r t o a c h i e v e f a s t and more complete a n a l y s i s o f t h e d i f f e r e n t mono-and d i g l y c e r i d e s , g a s chromatographic methods have been d e s c r i b e d . The mono-and d i g l y c e r i d e s a r e u s u a l l y d e r iv a t i z e d i n t o t h e more v o l a t i l e t r i m e t h y l s i l y l e t h e r d e r i v a t i v e s . For t h i s d e r i v a t i z a t i o n and replacement o f a c t i v e hydrogen atoms, v a r i o u s s i l y l a t i o n r e a g e n t s have been used. I n a number o f i n v e s t i g a t i o n s , Sahasrabudhe ( 2 , 10) used hexamethyldisilazane (HMDS) and t r i m e t h y l c h l o r os i l a n e (TMCS) i n pyr i d i n e . A ' Alonzo ( 3 ) a p p l i e d N , l -b i s ( t r i m e t h y l s i l y 1) t r i f l u o r o a c e t a m i d e (BSTFA). The same reagent was used by Soe (4), who, b e s i d e mono-and d i g l y c e r i d e s , d e r i v a t ized o t h e r e m u l s i f i e r s such a s a c e t i c a c i d -, l a c t i c acid-and d i -0 -a c e t y l t a r t a r i c a c i d esters
o f monoglycerides. Goh ( 5 ) analysed p a r t i a l g l y c e r i d e s i n palm o i l p r e p a r i n g t h e TMS-derivat i v e s using E-trimethylsilylimidazole. F u r t h e r r e a g e n t s and GC-conditions have been r e p o r t e d by o t h e r a u t h o r s (6-9).
In a f i r s t i n t e r l a b o r a t o r y s t u d y , t h e widely recommended combination o f HM)S and TMCS was used f o r s i l y l a t i o n o f mono-and d i g l y c e r i d e s . These r e a g e n t s , however, have t h e disadvantage t o form, a f t e r r e a c t i o n , a p r e c i p i t a t e o f i n s o l u b l e ammonium c h l o r i d e . BSTFA g i v e s c l e a r s o l u t i o n s , b u t i t r e a c t s much more slowly. A f t e r t r i a l s and o p t i m i z a t i o n , t h e combination BSTFA and TMS ( 3 : l ) i n p y r i d i n e was f i n a l l y a p p l i e d . This combination g i v e s f a s t r e a c t i o n s , c l e a r s o l u t i o n s and b e t t e r d e r i v a t i z a t i o n o f s u b s t a n c e s such a s sodium s a l t s o f c i t r i c -and t a r t a r i c a c i d . Also s u l f u r i c and phosphoric a c i d s a r e d e r i v a t i z e d and d e t e c t e d by GC.
COLLABORATIVE STUDIES
In a f i r s t i n t e r l a b o r a t o r y s t u d y (1984) two commercial mono-, d i g l y c e r i d e e m u l s i f i e r s were d e r i v a t i s e d with HMDS and TMCS and analysed by GC.
In a second c o l l a b o r a t i v e s t u d y (1985), BSTFA and TMCS was used f o r d e r i v a t i z a t i o n and, b e s i d e t h e two above mentioned mono-and d i g l y c e r i d e e m u l s i f i e r s , a d d i t i o n a l s y n t h e t i c compos i t i o n s with known amounts o f mono-and d i g l y c e r i d e s i n t h e presence o f an excess o f t r i g l yc e r i d e s , a s well a s r e f i n e d sunflower o i l , spiked with mono-and d i g l y c e r i d e s , were analysed. Recovery could t h u s be c a l c u l a t e d . Results were o b t a i n e d from 8 c o l l a b o r a t o r s .
Samples and standards
The f o l l o w i n g were provided f o r t h e study:
Reference s t a n d a r d s : n-tetradecane ( i n t e r n a l s t a n d a r d ) , g l y c e r o l , p a l m i t ic a c i d , a mixture of n-tetradecane, 1 -p a l m i t a t e , 1 -s t e a r a t e , 1 , 2 -d i p a l m i t a t e , 1 , 3 -d i p a l m i t a t e , l , Z -d i s t e a r a t e , (mass-ratio I 1:l:l:l:l:l) (see f i g . 1 A). Samples t o be analysed ( i n b r a c k e t s , percent mass) were: 1: mono-, d i g l y c e r i d e e m u l s i f i e r (100) (see f i g . 1 8);
2: mono-, d i g l y c e r i d e e m u l s i f i e r ( d i s t i l l e d ) ( 1 0 0 ) ; 3: 1 -p a l m i t a t e (1.00), 1 , Z -d i p a l m i t a t e (1.00), 1 , 2 -d i s t e a r a t e (1.00), t r i m y r i s t a t e (31.69), t r i p a l m i t a t e (31.65), t r i o l e a t e (31.67);
-
.
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4: l-inonopalmitate (1.77), l-monostearate (2.85), 1 ,Z-dipalmitate (2.06), 1,Z-distearate (0.68), t r i m y r i s t a t e (25.03), t r i p a l m i t a t e (16.33), t r i o l e a t e (51.28) 5: 1-monopalmitate (0.80), l-monostearate (1.54), 1,2-dipalmitate (1.09), 1,3-dipalmitate (1.39), 1,2-distearate (2.18), sunflower seed o i l (93.00) 6: i d e n t i c a l sample 5.
Instructions
Each l a b o r a t o r y was provided w i t h t h e method and data sheets t o r e p o r t t h e gas chromatograp h i c apparatus, t h e i n t e g r a t o r , t h e column used, t h e mode o f sample i n j e c t i o n , t h e response f a c t o r s and t h e percent mass contents found i n t h e samples. Gas chromatograms o f t h e reference standards and o f t h e mono-, d i g l y c e r i d e e m u l s i f i e r (sample 11, obtained i n t h e co-ordin a t o r ' s laboratory, were supplied (see f i g . 1). These two samples were suggested f o r p r a c t i c e runs t o become f a m i l i a r with the method and t o check GC conditions.
A: R e f e r e n c e S t a n d a r d s The response f a c t o r s o f t h e r e f e r e n c e standards vs. n-tetradecane were r e q u i r e d t o be r e p o rted. For t h e q u a n t i f i c a t i o n o n l y one c o n c e n t r a t i o n l e v e l ( 1 mg/l) had t o b e used. To c a l c u l at e t h e percentage o f mass c o n t e n t s o f t h e components i n t h e samples, t h e response f a c t o r s o f t h e r e f e r e n c e standards vs. n-tetradecane had t o be determined f i r s t and, a f t e r a 
d d i t i o n o f n-tetradecane t o t h e sample and r e a c t i o n with t h e s i l y l a t i o n reagents, t h e q u a n t i f i c a t i o n by GC c o u l d be c a r r i e d o u t u s i n g t h e formula g i v e n i n t h e method. D u p l i c a t e r e a c t i o n s w i t h each sample and two i n j e c t i o n s p e r r e a c t i o n had t o be c a r r i e d o u t . Results had t o be r e p o r t e d t o t h e c o -o r d i n a t o r by June 1985.
RESULTS
Operation conditions
Response factors
Response f a c t o r s o f t h e r e f e r e n c e standards vs. n-tetradecane were determined. A h i g h response f a c t o r was r e p o r t e d f o r g l y c e r o l due t o d e r i v a t i z a t i o n and TMS-groups p r e s e n t i n t h e molecule.
Operating conditions reported by collaborators Lab. Instrument Column Coating Temperature Rate F i n a l C a r r i e r Gas I n j e c -Samplc I n t e g r a t o r I n j e c -hi-oC/ m l / m i n t i o n S i z e m x mm t o r t i a l min a t mode T a b l e 3 : R e s u l t s f o r s a m p l e 2 , Mono-and O i g l y c e r i d e s ( E m u l s i f i e r s d i s t i l l e d ) , e x p r e s s e d a s p e r c e n t b y mass o f s a m p l e -a R e s u l t s r e j e c t e d b y t h e Cochran t e s t ( 9 5 % c o n f i d e n c e l e v e l ) -b R e s u l t s r e j e c t e d b y t h e Oixon t e s t ( 9 5 % c o n f i d e n c e l e v e l ) The response f a c t o r f o r t h e f a t t y acids were between 0.75 and 1. A higher response was found by The r e s u l t s given i n tables 2-7 were calculated using the o r i g i n a l experimental values w i t h three f i g u r e s a f t e r the decimal p o i n t . I n t h e t a b l e s only two f i g u r e s are presented. Values obtained by i n d i v i d u a l c o l l a b o r a t i n g l a b o r a t o r i e s are given i n t a b l e 3 (sample 2 ) and t a b l e 4 (sampl e 3 ) . These s t a t i s t i c a l evaluations are a l s o presented i n t h e standardized method. F i n a l s t a t i st i c a l r e s u l t s obtained f o r the samples 1, 4 , 5 and 6 a f t e r r e j e c t i o n o f r e s u l t s using t h e Cochran and Oixon t e s t , both on t h e 95% l e v e l , are presented i n t a b l e s 2 , 5 , 6 and 7 .
T a b l e 5 : R e s u l t s f o r s a m p l e 4 , T r i g l y c e r i d e s s p i k e d w i t h Mono-and
D i g l y c e r i d e s , e x p r e s s e d as p e r c e n t b y mass o f s a m p l e
T a b l e 6 : R e s u l t s f o r s a m p l e 5 , S u n f l o w e r seed o i l ( r e f i n e d ) s p i k e d w i t h Mono-and D i g l y c e r i d e s , e x p r e s s e d as p e r c e n t b y mass o f s a m p l e
T a b l e 7 : R e s u l t s f o r s a m p l e 6, S u n f l o w e r s e e d o i l ( r e f i n e d ) s p i k e d w i t h Monoand D i g l y c e r i d e s , e x p r e s s e d a s p e r c e n t b y mass o f s a m p l e
l a b o r a t o r i e s a f t e r d e a c t i v a t i o n o f the columns by s i l y l a t i o n and using on-column i n j e c t i o n s . One c o l l a b o r a t o r reported t h a t i n order t o improve the response, t h e septum and glass i n l e t was changed every day. Experience shows, however, t h a t cleaning may have adverse e f f e c t s , but deactivat i o n w i t h s i l y l a t i n g agents improves response. Response may be influenced by the apparatus used. No f u r t h e r comments were made by c o l l a b o r a t o r s despite beeing i n v i t e d t o do so.
Statistical evaluation
S t a t i s t i c a l a n a l y s i s
CONCLUSIONS
On t h e b a s i s o f t h e r e s u l t s t h e Commission d e c i d e d t o a d o p t t h e m e t h o d .
The t e x t o f t h e s t a n d a r d i z e d p r o c e d u r e i s g i v e n i n t h e f o l l o w i n g p a g e s .
DETERMINATION OF MONO-AND DlGLYCERlDES BY CAPILLARY GAS
CHROMA TOGRAPH Y
SCOPE
This s t a n d a r d d e s c r i b e s a method f o r t h e d e t e r m i n a t i o n o f mono-and d i g l y c e r i d e s .
FIELD OF APPLICATION
The s t a n d a r d i s a p p l i c a b l e t o mono-and d i g l y c e r i d e c o n c e n t r a t e s and mono-and d i q l y c e r i d e s i n f a t s and o i l s .
PRINCIPLE
Conversion o f mono-and d i g l y c e r i d e s w i t h N,N-bis( t r i m e t h y l s i l y l ) t r i fluoroacetamide (BSTFA)
and t r i m e t h y l c h l o r o s i l a n e (TMCS) i n p y r i d i n e i n t o more v o l a t i l e t r i m e t h y l s i l y l e t h e r d e r i v a t i v e s and q u a n t i t a t i v e d e t e r m i n a t i o n by c a p i l l a r y g a s chromatography using an i n t e r n a l s t a n d a r d (n-t e t radecane) .
APPARATUS
4.1 Gas chromatograph, w i t h s p l i t i n j e c t i o n o r on-colunn i n j e c t i o n ( n o t e l ) , oven temperature programming and flame i o n i z a t i o n d e t e c t o r . Recorder and i n t e g r a t o r . 
4.2
Operating c o n d i t i o n s , s p l i t i n j e c t i o n ( s p l i t r a t i o 1 : l O -1:50); d i r e c t i n j e c t i o n
REAGENTS
. 1 N , N -b i s ( t r i m e t h y l s i l y 1 ) t r i f l u o r o a c e t a m i d e (BSTFA).
T r h t h y l c h l o r o s i l a n e (TMCS).
5.3 P y r i d i n e , p.a., k e p t over KOH.
5.4 n-Tetradecane, p.a., ( i n t e r n a l s t a n d a r d ) . 5.5 n-Hexane, p.a. 5.7 I n t e r n a l s t a n d a r d s o l u t i o n . Accurately weigh c a . 100 mg n -t e t r a d e c a n e ( 5 . 4 ) i n t o 10 m l 5.8 Reference s o l u t i o n . Accurately weigh c a . 10O'mg o f r e f e r e n c e s t a n d a r d (e.q. g l y c e r o l , f a t t y a c i d , mono-and d i -0 -a c e t y l g l y c e r o l ) and a c c u r a t e l y weigh c a . 100 mg o f n -t e t r adecane i n t o a 10 m l v o l u n e t r i c f l a s k . D i l u t e t o volume with p y r i d i n e . A l t e r n a t i v e l y , weiqh ca. 100 mg o f a mixture c o n t a i n i n g several (e.g. 5) r e f e r e n c e s t a n d a r d s and n-tetradecane, each component being p r e s e n t i n about t h e same q u a n t i t i e s , i n t o a 2 m l volumetric f l a s k and d i l u t e t o volume with p y r i d i n e .
PROCEDURE
Sample solution
Accurately weigh c a . 10 mg o f homogenized sample o f e m u l s i f i e r c o n c e n t r a t e s or 50 mg o f o i l s and f a t s c o n t a i n i n g e m u l s i f i e r s i n t o a 2.5 m l screw cap v i a l with Teflon faced s e p t a . Add 0.1 ml o f i n t e r n a l s t a n d a r d s o l u t i o n (5.7) c o n t a i n i n g 1 mg n -t e t r a d e c a n e , 0.2 ml BSTFA and 0.1 m l TMCS t o t h e sample ( n o t e 3 ) .
Humidity i s s t r i c t l y excluded. Close v i a l and shake vigorously. Heat t h e r e a c t i o n mixture i n heating device a t 7 O o C f o r ca. 20 min. I n j e c t 1-5 pl of the reaction mixture i n t o the gas chromatograph showing a s t a b l e base l i n e (note 1).
Avoid delay o f GC analysis. The r e a c t i o n i s c a r r i e d out twice and d u p l i c a t e i n j e c t i o n s a r e made per reaction.
Reference solution
Transfer 0.10 m l o f reference s o l u t i o n (5.8) t o a v i a l and add t h e s i l y l a t i n g agents 0.2 m l BSTFA and 0.1 m l TMCS (no i n t e r n a l standard s o l u t i o n i s added) and i n j e c t as described above (note 1 and 3 ) .
Use a concentration range o f reference standards s i m i l a r t o t h a t o f the substances t o be q u a n t i 
Identification
Analyse t h e reference s o l u t i o n under the same operation conditions as t h e sample s o l u t i o n . I d e n t i f y peaks by comparison o f r e t e n t i o n time w i t h known substances o r apply coupled GC/MS.
CALCULATION A N D EXPRESSION OF RESULTS
Response factor
Calculate the response f a c t o r s o f the reference substances vs. i n t e r n a l standard using t h e reference standard chromatogram. The value o f t h e response f a c t o r i s given by t h e formula: 8.2 F o r s p e c i f i c a p p l i c a t i o n s o f a n a l y t i c a l q u a l i t y c o n t r o l see the Annexe t o t h i s standard method.
NOTES
1. For on-column i n j e c t i o n , or d i r e c t i n j e c t i o n , d i l u t e 50 p1 o f r e a c t i o n mixture (6.1; 6.2) w i t h 1 m l hexane and i n j e c t ( 1 ~1 ) .
I n order t o lengthen the l i f e time o f the columns when applying on-column i n j e c t i o n s , a pre-column i s useful. On-column i n j e c t i o n gives b e t t e r response factors. 2. Use a length o f column required t o separate 1,2-from 1,3-diglycerides. 3. For automatic samplers w i t h 2 m l crimp t o p v i a l s , i t i s convenient t o double t h e amount o f sample and reagents. 4. Beside mono-and d i g l y c e r i d e s other components such as g l y c e r o l , f a t t y acids, s t e r o l s etc.
can be analysed by the same method.
Table A 5 t a t i s t i c a l Analysis o f K e s u l t s f o r Mono-and O i g l y c e r i d e Concentrates (expressed a s p e r c e n t o f mass o f sample)
-----------I_-----_----------I____-____.
I-Ny-1-Palmi-1-Stea-1,3-0i-1-Pal-1 , 3 4 1 -r 1-t a t e r a t e palmimitas t e as t a t e t a t e te-3-r a t e s t e a rate Number o f l a b o r a t o r i e s 8
Number o f results 16 Number of l a b o r a t o r i e s r e t a i n e d a f t e r elimin a t i o n o f o u t l i e r s 7 s u l t s 14
Number o f accepted re-MEAN VALUE (g/100 g sample) 1.7
H e p e a t a b i l i t y s t a n d a r d Table I 
